Quercus Infectoria galls or known as Manjakani, is one of the potential herbs that have multiple therapeutic properties and are widely used in folklore medicine. Phenolic acids, including gallic acid and tannic acid, have been extracted from the galls by using different ultrasound extraction system (probe-type and bath-type) and the results were compared with the conventional extraction system. The effect of sonication time, solvent types and solvent concentration on the extraction yield of the phenolic acids has been investigated. The maximum extraction yield obtained for gallic acid and tannic acid are 2155.77 mg/kg and 15236.83 mg/kg, respectively in 8 h extraction time, operating temperature of 70°C, solid to solvent ratio of 1:10, ultrasonic power of 11 W and ultrasound frequency of 20 kHz with 0.1 M hexadecyltrimethylammonium bromide as the solvent. The obtained yield was significantly higher as compared to the conventional extraction system where only about 794.57 mg/kg yield was achieved. Peleg's model was used to describe the kinetics of probe-type ultrasound extraction system and the model showed a good agreement with the experimental results. Therefore, it can be concluded that probe sonication system significantly induces the extraction efficiency to increase the bioactive constituents yield.
Introduction
Gall of Quercus Infectoria has been used for centuries in folklore medicines in several Asian countries and widely known for its therapeutic benefits. It is also known with names like Majuphal, gall tree, gall oak, masikai, magic nut and aleppo oak. This herb belongs to the Fagaceae family that can be widely found in Greece, Asia Minor and Iran [1] . The gall arising in the branches of the tree are the one that is widely known for its therapeutic benefits and uses also contributes in the folklore medicines. In Asian, the galls of Quercus Infectoria have been used as traditional medicine for centuries in treating the inflammatory disease while in Malaysia, the gall of the Quercus Infectoria has been used as herbal drink for women to restore the elasticity of the uterine wall after their childbirth [2] . Apart from that, this herb also shows promising results in cosmeticeutical field reported by Nur Syukriah in 2014 [3] . In her report, she stated that the galls possess high potential in skin whitening aside other benefits. Besides, it can also be used as mouth antiseptic and can control the inflammation of tonsils, while the direct application of it onto the skin cures swelling or inflammation [2] . This herb also has potential in osteoblast function and bone metabolism [4] .
As mentioned in previous report, the Quercus Infectoria galls contains phenolic acids such as gallic acid, tannic acid and ellagic acid that has been proven to have multiple biological effects such as high antioxidant activity and the ability to become antimicrobial, antibacterial and antifungal agent [5] . The antioxidants main function is to delay the oxidation processes of other molecules by inhibiting the initiation or propagation of oxidizing chain reactions by free radicals and the presence of gallic acid as one of the important phytochemical is believed can contributed to it [6] . Moreover, it has also been reported that the phenolic acids has higher antioxidant activity compared to vitamin C and E towards the reactive oxygen species [7] .
High power ultrasound can be applied using two types of devices, ultrasonic bath or probe-type ultrasound equipment. Both systems are based on a transducer as a source of ultrasound power. The ultrasonic bath is the most commonly known type of ultrasonic device usually consists of a stainless steel tank with one or more ultrasonic transducers. It is usually operate at a frequency of around 40 kHz and can be equipped with temperature control. They are readily cheap, available and large numbers of samples can be simultaneously treated. However, compared with probe systems, the low reproducibility and low power of ultrasound delivered directly to the sample are major drawbacks. Indeed, the delivered intensity is highly attenuated by the water contained in the bath and the glassware used for the experiment. High power ultrasonic probes are generally preferred for extraction applications. The probe system is more powerful due to an ultrasonic intensity delivered through a smaller surface (only the tip of the probe), when comparing to the ultrasonic bath. They are generally operated at around 20 kHz and use transducer bonded to probe which is immersed into the reactor resulting in a direct delivery of ultrasound in the extraction media with minimal ultrasonic energy loss [8] .
This work focused on examining the effect of extraction methods, type of solvent and its concentration on the phenolic acids content from Quercus Infectoria galls. The kinetic analysis using Peleg's model for various effects was also studied.
Material and Methods

Plant material
The plant material, Quercus Infectoria (Manjakani) galls were purchased locally from an Indian herb store in Bandar Kuantan, Pahang. It was first washed, cleaned and air dried at room temperature. Then, the gall was crushed using pestle and mortar until it become fine powder before it can be used prior to the extraction process.
Reagents and standards
Deionized water and hexadecyltrimethylammonium bromide, CTAB reagent (Sigma-Aldrich, Germany) were used as the extraction solvent. Deionized water was obtained from FKKSA Lab, UMP. Gallic acid (Merck, Germany) and Tannic acid (Merck, Germany) were used for the quatification of phenolic acids and as calibration standard. Acetonitrile (Merck, Germany) and orthophosphoric acid, 85% (Fisher Science, UK) were used as mobile phase for HPLC analysis. All reagents and standards were purchased from Nano Life Quest Sdn Bhd.
Extraction procedures 2.3.1. Conventional Extraction
In this study, sample Quercus Infectoria galls were used in powder form. The schematic diagram of the conventional extraction set-up can be seen as depicted in Figure 1(a) . Powdered Quercus Infectoria galls were immersed in the extraction solvent and the mixture was heated on a hotplate with continuous stirring for 8 hours. The extraction temperature was set at 70°C, the sample-to-solvent ratio at 1:10 (sample: water) with volume of infusion was set at 100 ml. The mixture was covered with aluminium foil throughout the extraction to minimize the evaporation in order to maintain the sample-to-solvent ratio. 
Ultrasonic Assisted Extraction (Bath-type)
The extraction of phenolic acid from Quercus Infectoria galls were conducted using 2.75L Fisherbrand Scientific ultrasonic cleaner with electronic timer, quick degassing and heating. Figure 1(b) shows the schematic diagram of the ultrasonic cleaner extraction set-up. Powdered Quercus Infectoria galls were immersed in the extraction solvent and the mixture was heated and sonicated [9] for 8 hours with the volume of infusion at 100 ml. Sample-to-solvent ratio 1:10 with water as solvent were fixed in this study. This method used the same procedure as the conventional method whereby the mixture was covered with aluminium foil throughout the extraction to minimize the evaporation in order to maintain the sample-to-solvent ratio. Each sample was filtered with nylon syringe filter (pore size of 0.22 μm). Extracted product was left to cool at room temperature and then was kept at 4 ˚C prior to analysis for determination of active compounds by using High Performance Liquid Chromatography (HPLC).
Ultrasonic Assisted Extraction (Probe-type)
Ultrasonic processor Q700 (700 watts, 20kHz) from QSonica, Newtown, U.S.A with a replaceable flat tip ultrasonic probe (sonotrode) was used to conduct an extraction process of gallic acid and tannic acid from Quercus Infectoria galls. It was made of titanium alloy that had a tip diameter of 12.7 mm and 127 mm length. The ultrasonic probe was immersed in the extraction medium and the energy is transmitted via the sonotrode directly into the sample [6] . In probe-type ultrasonic extraction process, the ultrasound power level could be varied by adjusting the amplitude setting of the sonotrode while the cumulative average ultrasound dose could be varied by adjusting the duty cycle. The sonication intensity was calculated using the following equation:
Where A (cm 2 ) was the area of the sonotrode tip. The A value was 1.27 cm 2 . The conventional extraction has no sonication process. The amplitude was set at position 1 to correspond to a power input P of 11W, and 8.66 W/cm 2 sonication intensity, I using 40% duty cycles (A duty cycle of 40%, was obtained by sonicating for 4s followed by a rest period of 6s). Each sample was filtered with nylon syringe filter (pore size of 0.22 μm). Extracted product was left to cool at room temperature and then was kept at 4 o C prior to analysis for determination of active compounds by using High Performance Liquid Chromatography (HPLC). 
Kinetic model
Mathematical modelling can help in the design, optimization and control of the processes under investigation, as well as providing useful information for scale up of the equipment. The empiric and relatively simple Peleg's model can provide a proper fitting to extraction processes [10] , besides describing the kinetics of sorption processes [11] . Previous researchers has used Peleg's model to explain the extraction of natural compounds such as ursolic acid from Ocimum sanctum [12] , esveratrol and viniferin from grape cane [13] and curcumin from Curcuma amada [14] . In the present study, Peleg's model has been used to estimate extraction rate constant, initial extraction rate and equilibrium concentration. The influence of process conditions on the kinetic parameters has also been analysed. The model equation describing the kinetics of extraction of materials can be given as follows: (1) where C t is the concentration of gallic acid at time t (mg GA/g sample), K 1 is Peleg's rate constant (min.g/mg) and K 2 is Peleg's capacity constant (g/mg). C o is the initial concentration of gallic acid which is zero, as fresh solvent is used. The extraction typically occurs in two stages with the first order trend in the initial stage and zero order in the later. The modified Peleg's equation which represents the concentration of target solute (gallic acid) in extraction solvent against time can be written as follows: (2) The graph between 1/C t vs. 1/t can be plotted to calculate K 1 (Peleg's rate constant) and K 2 (Peleg's capacity constant) values from the slope and intercept respectively. C t was also subsequently calculated using Eq. (2) at different times for checking the fitting of the model.
High performance liquid chromatography (HPLC) analysis of phenolic acids
The measurements of separation and determination of phenolic acids; as gallic acid from the Quercus Infectoria galls were performed using an High Performance Liquid Chromatography (HPLC) system Agilent Series 1100 equipped with diode array detection (DAD) and a column Phenomenex Prodigy 5μ (250 X 4.60 mm). The wavelength for detection of gallic acid was set at 270 nm. Separation was achieved by flow rate of 1 ml/min with 3.0% Phosphoric acid (90%) / Acetonitrile (10%), in an isocratic programme. The injection volume was 10 μl. Each sample and standard was filtered with nylon syringe filter (pore size of 0.22 μm). For standard preparation, the mobile phase of phosphoric acid and acetonitrile were prepared, degassed in an ultrasonic bath and injected through the chromatographic column.
Scanning Electron Microscopy (SEM)
SEM imaging was performed using Scanning Electron Microscope Quanta 450 on the Quercus Infectoria galls sample particles to visualize and characterize the surface. 5nm coating of Pt was applied to the surface of the samples before proceeding with imaging.
Results and discussion
The Chromatographic Separation and Detection of phenolic acids
A 99% gallic acid and tannic acid standards were used during sample analysis as a positive control. The same method of extraction and analysis carried out for the sample was used to produce a standard curve, which was used to identify and quantify the phenolic acids; gallic acid and tannic acid in the samples. This procedure was performed by prepared the standard solution for analysis ranging from 10ppm to 60ppm concentration of gallic acid and tannic acid at 270nm and 280nm, respectively. The peak obtained was due to the various concentrations of phenolic acids used to construct the standard curve. Figure 2 (a) illustrated a good resolution of the gallic acid chromatographic peak obtained at retention time 4.4 ± 0.2 min. This is parallel with the previous studies using gallic acid where they also managed to obtain about the same retention time for the gallic acid at 4.9 ± 0.2 min [6] and 4.7 ± 0.2 min [5] . On the contrary, Figure  4 (b) shows the peaks appeared from the extraction sample of Quercus Infectoria galls and the gallic acid can be clearly seen at peak 4.410 min which within the standard retention time. On the other hand, Figure 3 (a) illustrated a chromatographic peak obtained at retention time 9.7 ± 0.2 min represented tannic acid. Retention time at 9.5 ± 0.2 min can be seen from Figure 3(b) showing the peak of tannic acid from the extraction sample of Quercus Infectoria galls. The calibration curve was obtained by plotting a straight line based on the concentration of phenolic acids at 6 differences concentration of standard solution. An excellent linearity , for both gallic acid and tannic acid, respectively were obtained with excellent regression factor. a b Figure 4 and Figure 5 shows the comparison performance of different extraction methods towards the concentration of phenolic acids; gallic acid and tannic acid, respectively from Quercus Infectoria. Three type of extraction methods (conventional, ultrasonic bath-type and ultrasonic probe-type) were tested using the same parameters to observe the extraction yield. In attempt to obtain the maximum extraction efficiency of phenolic acids from the powder of Quercus Infectoria galls, the effect of sonication time ranging from 1 to 12 hours were tested. The samples were taken at every 2 hours until 12 hours. All three methods resulted to an increase yield every hour until 8 th hours but eventually decreasing on 10 th hours and onwards. Perhaps, this can be explained by the fact that the mass transfer is a time-dependent process [15] . Even though longer ultrasonic time will provide more thorough touching of the solvent with the powder of sample tissue, it can be degraded and oxidized under ultrasound, resulting in reduced yield at excessive extraction time [16] . On top of that, this phenomenon might be due to the active ingredient that was not dissolved when the solubility of dissolving-out substances became saturated [17] with the increase of extraction time, while the loss of phenolic acids were increased with the viscosity of extracts increased when extraction time increased. Therefore, based on the result, extraction time ought not to exceed 8 hours. Both gallic acid and tannic acid indicated about the same trends with ultrasonic probe extraction method resulted to the maximum yield compared to the other two methods. The highest extraction yield of gallic acid from Figure 4 after 8 hours were obtained by the following sequences: Ultrasonic probe-type > Ultrasonic bath-type > Conventional extraction, with 1287.816 mg GA/kg sample, 1103.441 mg GA/kg sample and 794.567 mg GA/kg sample respectively. On the other hand, tannic acid yield also resulted the same sequences of extraction method: Ultrasonic probe-type > Ultrasonic bath-type > Conventional extraction, with 10542.45 mg TA/kg sample, 9920.05 mg TA/kg sample and 9508.30 mg TA/kg sample respectively. It is widely known that the ultrasonic-based extraction is much better than the conventional extraction method due to its sonication effect towards the samples as reported before in the extraction of flavonoids [18] , alkaloid [19] , anthocyanins [20] , natural pigments [21] and other bioactive compounds [22;23] . Based from the extraction yield resulted after 8 hours, the extraction using sonotrode was found to be almost 40% more efficient. The ultrasonic-assisted extraction (UAE) technique was able to shortened the extraction time and reduce organic solvent consumption [24] . The UAE performance is contributed by the factors of intensity, time, solvent, temperature, pulsation and matrix. Besides that, UAE involve mechanical vibrations which is sound waves with high frequency. Ultrasound can increase in the permeability of the cell wall, mechanical stressing and cavitation effect during the extraction process [6] .
Effect of Extraction Method and Sonication Time
Figure 4
Comparison performances of extraction methods towards the gallic acids extraction amount from the Quercus Infectoria galls using water as solvent at temperature 70 o C, with sample-to-solvent ratio, 1:10 for 8 hours Figure 5 Comparison performances of extraction methods towards the tannic acids extraction amount from the Quercus Infectoria galls using water as solvent at temperature 70 o C, with sample-to-solvent ratio, 1:10 for 8 hours
Comparing with the highest yield from conventional method, ultrasonic based extraction method need lesser time to obtained the same amount of yield. On the other hand, the efficiency of the ultrasonic probe-type was recorded to be about 15% much better than the ultrasonic bath-type. The ultrasonic bath-type method has disadvantage as it generally operates at a single frequency (20kHz or 40kHz) while the probe-type develop a power up to 100 times more than the provided ultrasonic cleaner [25] . On top of that, the ultrasonic irradiation of low power ultrasound only managed to irradiate through the walls where the sample is contained (indirectly), while the ultrasonic probe system is more powerful due to an ultrasonic intensity delivered through a smaller surface (only the tip of the probe) resulting in a direct delivery of ultrasound in the extraction media [8] .
The calculated parameters of Peleg's model (constant K 1 and K 2 ), and the root mean squared deviation (RMSD) have been given in Table 1 . High value K 1 on ultrasonic probe-type extraction method depicts that higher rate of phenolic acids concentration were produced compared to the other two methods. This demonstrates a good agreement of the experimental data with the calculated data with a small value of error from RMSD calculated. Figure 6 represented the extraction yield of phenolic acids from the Quercus Infectoria galls using water and with the additional surfactant, hexadecyltrimethylammonium bromide (CTAB), in comparing the efficiency of each solvent. It can be clearly seen that CTAB work best as surfactant to improve the extraction efficiency of the target analytes as the phenolic acids concentration was seen skyrocketed after 8 hours of extraction. Water as solvent resulted to a poorer phenolic acids concentration as much as 1287.82 mg/ kg for gallic acid and 11060.79 mg/kg for tannic acid. On the other hand, CTAB as extraction medium illustrated a very much higher increment of yield at 2155.772 mg/ kg and 15236.83 mg/ kg for gallic acid and tannic acid, respectively. This can be explained through the characteristic of the CTAB/cationic surfactant that possesses positive charge due to its quaternary ammonium cation/functional groups [26] , whereas the phenolic acids; as gallic acid and tannic acid surface contains negative charges arising from carboxyl and hydroxyl groups. Adsorption of surfactant takes place through electrostatic interaction between positively charged groups of the cationic surfactant and the negatively charged phenolic acids compound. This polar interaction between both components somehow increase the effectiveness of the extraction as the CTAB has higher positive charge while water molecules have only a slight positive charge near its hydrogen atoms. In addition, the use of CTAB, a cationic detergent, facilitates the separation of polysaccharides during purification and can aid in removing phenolic acids [27] .
Effect of Solvents
Figure 6
Extraction yield of phenolic acids from Quercus Infectoria galls using different solvents (water and hexadecyltrimethylammonium bromide, CTAB) by Ultrasound-assisted extraction (Ultrasonic probetype) at temperature 70 o C, with sample-to-solvent ratio, 1:10 for 8 hours
The Peleg's model constants, K 1 and K 2, also the root mean squared deviation (RMSD) at different type of solvents have been given in Table 2. K 2 from Table 2 represented the capacity of the extraction using both water and CTAB as extraction medium to extract the target analytes; as gallic acid. CTAB with higher value of K 2 depicts that it is indeed a much better extraction medium compared to water. 
Effect of Solvent's Concentration
As the addition of CTAB as surfactant indicated better extraction yield of the gallic acid, the effect of its concentration was then tested by varies the concentration ranging from 0.05M to 0.2M. In general, the extraction efficiency seems to also highly affect by the solvent's concentration. Table 3 compared the concentration of phenolic acids obtained with different type of solvent; water and CTAB at different concentration. The extraction of phenolic acid using probe-type extraction method with water as medium resulted to a much lower yield at 1287.82 mg/ kg and 10542.45 mg/ kg for gallic acid and tannic acid, respectively. At 0.10M CTAB concentration, it resulted to an obvious difference in yield after 8 hours compared to the others. After 8 hours, the yield of the phenolic acids; namely gallic acid clearly shoot up at the maximum amount of 2155.772 mg/ kg at 0.10M concentration of CTAB followed by concentrations 0.05M, 0.15M and 0.20M with yields 1706.159 mg/ kg, 1629.396 mg/ kg and 1380.765 mg / kg respectively. Tannic acid concentration also shows the same pattern as gallic acid with the highest yield at 15236.83 mg/ kg, followed by 14741.13 mg/kg, 14568.69 mg/kg and 14397.21 mg/kg for tannic acid as illustrated in Figure 7 . It was observed that when the concentration increased from 0.05M to 0.1M, The extraction yield of the phenolic acids increased. This is due to the solubility and extraction capacity of the extraction solvent were enhanced with the increased of CTAB concentration [18] . However, when the concentration of the CTAB increased from 0.10M to 0.20M, the peak area of the phenolic acids gradually decreased. This circumstance attributed to the increase in viscosity of the solution media. As the concentration of CTAB increase, it eventually influenced the mass transfer of the target component that lead to a poor penetration into the plant tissue. Hence, resulted in an inability for the active compound to dissolve quickly and completely, therefore deescalated the extraction efficiency [28] . Table 4 depicts the Peleg's model constant and their comparison between the experimental data and the calculated one. There no much big different between the experimental data and the calculated data as computed in Table 4 , showing that it is basically match each other. 
Scanning Electron Microscopy (SEM) Analysis
In order to have a better interpretation of the phenolic acids extraction from Quercus Infectoria powder, SEM images from the surface of the untreated QI galls powder and ultrasonic probe-type treated QI galls at the desired operating condition of parameters were captured and compared as in Figure 8 (a) and (b), respectively. The SEM images for the surface characteristics such as morphology relating, directing to the process of extraction on the powder samples were also analysed. Figure 8 (b) represented the rough rugae-like surfaces governing the whole integument of the sample powder after extraction using ultrasonic probe-type. It can be clearly seen that the sonication power from the ultrasonic affected the hardness of the sample surface and make Quercus Infectoria galls powder looser than before. It can be proved that the gallic acid may easily be extracted from the severe ruptures on the surface of the samples by sonicated process using probe due the images attributed from both Figure 8 
Conclusion
This research was carried out to determine the performance of ultrasound-assisted extraction method in extraction of phenolic acids from Quercus Infectoria galls. The maximum phenolic acids yield extracted was at temperature 70 o C with sonication intensity 8.66 W/cm 2 and 40% duty cycle, diluted in solvent with the addition of the CTAB surfactant at concentration 0.1 M with sample-to-solvent ratio 1:10 for 8 hours resulted to the maximum concentration of phenolic acids at 2155.772 mg/ kg and 15236.83 mg/kg for gallic acid and tannic acid, respectively. The efficiency of the ultrasound-assisted extraction (ultrasonic probe-type) procedure exceeds the extraction using ultrasonic cleaner and conventional extraction by improving the yield and shortens the extraction time. The kinetic analysis by using Peleg's kinetic model indicates that higher rate of phenolic acids concentration were produced by using ultrasonic probe-type extraction method, which demonstrates a good agreement between the experimental data with the fitted data.
